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Summary The quadricuspid aortic valve (QAV) is a rare congenital malformation that usu-
ally presents with aortic regurgitation (AR). The ﬁrst case was reported in 1862. Most cases
were diagnosed at the time of surgery or postmortem examination. With advances in imaging
techniques, more cases have been diagnosed before surgery. We describe a 59-year-old man
whose QAV had not been noted until the current admission. Transthoracic echocardiography
revealed dilation of the left ventricle, severe AR, and suspected QAV. The QAV was conﬁrmed
by transesophageal echocardiography and 64-slice multidetector computed tomography. This
case was a QAV with three equal cusps and one smaller cusp (type B in Hurwitz and Roberts
classiﬁcation). Because the cardiac catheterization and aortography showed severe AR and a
QAV, the patient underwent elective surgery. The surgery consisted of replacing the QAV by a
mechanical prosthesis. There were no post-operative complications. The patient revealed no
symptoms in the post-operative
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diology. Published by Elsevier Ireland Ltd. All rights reserved.ntroduction
he quadricuspid aortic valve (QAV) is a very uncommon con-
enital anomaly with an incidence of about 0.008% [1] and
qual sex distribution [2]. The QAV usually presents with aor-
Published by Elsevier Ireland Ltd. All rights reserved.
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Coronary angiography showed no stenosis and aortography
conﬁrmed a grade 4 AR and a QAV. The aortic root was
mildly enlarged (diameter: 40mm). The LV end diastolic
pressure and mean pulmonary artery pressure were 8 andFigure 1 Long-axis transthoracic echocardiographic view: (a
tic regurgitation (AR). In this article, we describe a patient
who had severe AR with QAV treated surgically.
Case report
A 59-year-old man sought treatment with a 3-month history
of exertional dyspnea without any angina and presented with
hypertension as a coronary risk factor. On physical examina-
tion, his blood pressure was 180/76mmHg and a diastolic
murmur of Levine 4/6 was heard at the left parasternal bor-
der. Twelve lead electrocardiogram showed a sinus rhythm
and signs of left ventricle (LV) hypertrophy. Transthoracic
echocardiography (TTE) showed LV hypertrophy (LV mass
index: 289.5 g/m2) with a dilated cavity (LV dimension at
end diastole: 69mm), a reduced LV ejection fraction (40%),
and severe AR; a QAV with a cruciate shape in diastole was
suspected (Fig. 1a and b). The mitral, tricuspid, and pul-
monary valves were normal. Tricuspid regurgitation pressure
gradient was 13.3mmHg.
Transesophageal echocardiography (TEE) conﬁrmed a
QAV with an accessory cusp between the right and left coro-
nary cusps (Fig. 2). The AR was huge and central related to
incomplete coaptation of the four cusps. In accordance with
the Hurwitz and Roberts classiﬁcation [2], which described
seven anatomic variants (type A—type G), this case was clas-
siﬁed as type B (three relatively equal cusps and one smaller F) study at admission and (c) study at 2 months after surgery.
usp) as shown in Fig. 2. This aspect was conﬁrmed by 64-
lice multidetector computed tomography (MDCT) (Fig. 3a).igure 2 Short-axis transesophageal echocardiographic view.
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nigure 3 (a) The 64-slice multidetector computed tomograp
esected aortic valve with 4 cusps: 3 equal cusps and 1 smaller cu
usp; RCC, right coronary cusp.
0mmHg in basal conditions, respectively. There were no
ther cardiac abnormalities. Although most cases require
ortic valve replacement, aortic valve repair for the QAV
as been reported in a few cases [3,4]. However, in this
ase the accessory cusp was larger than expected in preop-
ration and no data have been reported on the durability
f repaired valves. Therefore, the patient underwent aor-
ic valve replacement with a mechanical prosthesis (St Jude
edical Regent 21mm, St Jude Medical Inc., St Paul, MN,
SA). The resected aortic valve was 4 cusps with three
qual cusps and one smaller cusp (Fig. 3b). Although the
alve leaﬂets were thickened with some calciﬁcation and
enestrations, these were probably not the cause of the
R. Histological examination of the cusps showed no evi-
ence of any inﬂammatory or rheumatic disease. We could
ot evaluate accurately valvular property and size before
urgery. We expected the advancement of imaging modal-
ty including MDCT to evaluate the repairability of the QAV
reoperatively.
The post-operative course was uneventful and the
atient was discharged home on 20 days after surgery. The
estudied TTE at 2 months after surgery showed an increased
V ejection fraction (47.8%) and reduced LV diameter at end
iastole (50mm) (Fig. 1c). At 7 months after surgery, the
atient is doing well.
iscussion
AV is an extremely rare congenital malformation. Necropsy
eries have shown an incidence of only two cases in 6000
utopsies [2]. Since the ﬁrst case of QAV was reported in
862, about 110 cases have been described [5]. On the basis
f the cusp size, 4 equal cusps, 3 equal cusps with one
inor, and 2 large cusps with 2 small cusps represent the
ore frequent anatomic variations [5]. Furthermore, the
ost common positions of the accessory cusp are located
etween the right and non-coronary cusps or between the
ight and left coronary cusps [6]. In accordance with these
M
H
b
bhort-axis image conﬁrmed quadricuspid aortic valve. (b) The
cc, accessory cusp; LCC, left coronary cusp; NCC, non-coronary
eports, this case showed three equal cusps and one smaller
usp (type B in Hurwitz and Roberts classiﬁcation) and the
osition of accessory cusp was located between the right
nd left coronary cusps.
The functional aspect of QAV is mainly represented by
ure insufﬁciency [7]. The identiﬁcation of a QAV in AR case
s very important because of the progressive deterioration
f the leaﬂets due to the asymmetric mechanical stress
round the four cusps and the high risk of infective endo-
arditis. The QAV was conﬁrmed by MDCT before surgery in
his case. Therefore, we found that MDCT was useful for
atients intolerant of TEE to evaluate the QAV.
Furthermore, several anatomic issues must be addressed
or presurgical planning. It is important to estimate the
egree of calciﬁcation of the valve and aortic root dilata-
ion. In particular, patients with aortic root dilatation must
e evaluated carefully because AR frequently develops in
hose patients. If the calciﬁcation and aortic elongation are
igniﬁcant, coronary reimplantation and aortic root replace-
ent may be indicated. It has been reported that anomalies
f coronary artery origin and distribution occurred in about
0% of QAVs [8]. It is important to be aware of information of
he coronary artery to prevent ostial obstruction at surgery.
hus, we considered that MDCT was more useful for eval-
ation of these points than TEE as evaluation of valvular
isease.
Echocardiography was useful to evaluate the severity of
alvular disease. However, echocardiography has limitations
ecause it is dependent on the level of experience of the
bserver, the position of the transducer, and the patient’s
orphology. At these points, it seemed that MDCT with-
ut interobserver variability was superior to TEE. Because
DCT is being increasingly used for the exclusion of coro-
ary artery disease, we expect further advancements with
DCT.
Most patients require aortic valve replacement for QAV.
owever, only a few cases of aortic valve repair have
een reported [3,4]. Aortic valve repair was performed
y suturing the commissure between the coronary cusp
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[8] Naito K, Ohteki H, Yunoki J, Hisajima K, Sato H, Narita Y. Aor-Quadricuspid aortic valve
and accessory cusp, thus converting the QAV into a tri-
cuspid valve. Current valve substitutes are not always
ideal for young patients because of valve-related risks such
as thromboembolism, prosthetic valve degeneration, and
endocarditis. Although we did not perform aortic valve
repair in this case, it seemed that aortic valve repair for
QAV should be considered on a case by case basis in the
future.
In conclusion, QAV is a rare congenital malformation
which can be assessed with current MDCT, and which can
frequently be associated with severe AR.
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